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Generally speaking, the invention relates to the 
treatment of whey produced in dairies or casein factories. 
Its object is more particularly a process permitting the 
extraction of glycoproteins and/or sialic acid from such a 
whey. In the present specification the word "whey" means 
whey produced in dairies or casein factories as well as 
colostrum . 

It is known that dairy whey is a yellowish liquid 
which, after its fat content has been removed by centrifu- 
gation, consists mainly of lactose, proteins and mineral salts. 

Treatments for dairy whey have already been suggested, 
so that it would no longer be a cause of pollution, and to 
recover the proteins contained therein. Large amounts of 
whey are produced by dairies and cheese factories, dairy 
whey being produced from milk after enzyme action, and notably 
after traditional renneting. Thus, it has been suggested 
that the proteins should be separated from whey by 
ultrafiltration . 

However, up to now, ultrafiltration has not been used 
for separating and obtaining certain specific proteins or 
other compounds which are very useful in themselves. 

This is notably the case of sialic acid, also known 
as N-acetyl neuraminic acid (see, for example, MERCK 
Index, 7th Edition, p. 715) . It is known that sialic acid 
occurs in carbohydrate-protein complexes of .animal origin. 
In actual fact, this compound is at present prepared either 
from natural raw materials such as the sub-maxillary glands 
of bovines, or by syntheses. 

As a bibliographical reference in this connection 
may be mentioned the article by M.W. WH IT E HOUSE and 
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F. ZiLLIKEN "Isolation and Determination of Meura-ninl^. 
(sialic) a-ids" p. 199 to 220 in "Methods of 
Biochemical analysis, Volume VII U96C) Intersci5r.ee , 
Jorm V/iley Sons . 

These known processes for the preparation of 
sialic acij are extremely costly and this hi£h cost of 
production is passed on v;hen the product is put on 
the marke t . 

As bibliographical references to certain 
applications of sialic acid, and particularly of I-,V. I'A t 
the following articles may be mentioned : 
"Coagulation of milk with rennet : Scientific and 
technical aspects" . 

- CARNIERj MOCQUOT, RIS^DEAU-DU^S, i-IAu3CI3- Ain. 
15 de Nutrition Alimentaire, 1968,22 B *95 - 3 552. 

- S VE NI ERHOLM . L. Acta. Soc. Med. Upsaliensis , 
61,75 (1956) Arkiv, Kemi., 10,577 (1956). 

- WARREN L. J. Biol. Chem, 233, 1971 (1959) 

- VERIER I. and L. CDIN, Ac to Soc. Upsaliensis 
20 57, 230 (1952) 

- A Mill OFF , D (1961) B IOC HEM J. 31,384 

- "The Sensitivity of the 1/euraminosidic 
Linkage in Mucosubstances towards Acid and towards 
Neuraminidase Gibbons". Biochemistry Journal (I963) 

25 89, 380. 

- "Structure studies on the Myxovirus Hemaggluti- 
nation Inhibitor of Human Erythrocytes" Ralph H, NATHAN 
and Richard J . WINZLER. Journal of Biological chemistry 

(1963) vol.233 :;° 1, p. 21. 

30 - "Studies on the Neuraminidase of Influenza 
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viru 3 11 additional properties of the enzymes from 
the Asian end Pit a Strains. Mar. E. RAFELSCil, J.R. 
Michael GCh.EIT. and ',/aruiic './ . V.'ILSOIJ J.R. Archives of 
2ioehe:;:is try and biophysics ICf) (I96V) 4£^-*!y>0. 

Othe~ possible uses of sialic acid are 
riven in the Literature relating to this come curd. 

In another connection, it is advantageous 
to be ably to obtain glycoproteins owing to the 
possibility of us i n^ them in cosmetic compositions. 

An object of the present invention is a process 
for the treatment of v;hey produced by dairies or 
casein factories which makes it possible to obtain 
sialic acid very cneapiy, and more specifically N- 
aeetyl neuram.ric ac i d ( abcre /iaved to I.'Ah'A), jointly 
with - lye 0 pep tides and a protein fraction cirsistiny; 

of Glycoproteins • 

The invention therefore relates to a process 
for t ie production of sialic acil and/or clycopro te ins 
from dairy or casein factory v;hey, with ultrafiltration 
of same j ohe rac ter:i sed by trie steps of : 



factory wney, other than sia!o£l/cuprotsins r resulting 
in a firs, precipitate of fiocuiated proteins and a 
first supernatant, vtnich is separated ana recovered. 

(o) ultrafiltration of tne first supernatant 
on membranes haviny; a cut-off in the range of a-b^mt 
1000 to ;iLi>?Mfr 13, 000 in molecular weight providing 
a re tenia to containing 3 Ly copro tc ins ind sialic acid. 



(a) >f leculation of the proteins of cheese 




(c.i hydrolysis of said reeentat?. 
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to extract the sialic acid there from, 

According to one embodiment of the process, 

the hydroiysed retentatc obtained in step (c) provides 

a second precipitate and a second supernatant which 

is separated and recovered. The treatment (d; ?f 

said second supernatant for the extraction of the 

sialic acid contained therein consists in known 

operations essentially involving chc/steps of 

neutralisation, flowing the last supernatant over 

cationic resin, fixing -he siaii: acid by pass in- 

it over anionic rosin., eiution of the acid so fixed 

and the recovery of an extremely pure sialic a:id 

•which .nay be freese-dried. 

As raw material, there is used in the process 

cf the invention £ nilk produced by any ruminant (cow, 

goat, ewe, buff ale or the iil;e), for example cows 

or cv.es 11: having undergone enzymatic action, 

such as renneting, pro vi dir.- a wney known as cueese 

factory whey. Said liquid whey ;an be obtained by the 

addition of water to a powdered whey. It should also 

be noted that, as a variant, colostrum may be used 

as raw material in the process. 

The first step (step "a") of the process of the 

invention consists in a selective dene turat icn cf the 

soluble proteins by thermal fioculation at a temperature 
a 

and for period of time sufficient to obtain such a 
fioculation. The albumines and globulir.es are 
precipitated and the protease peptones, which are 
glycoproteins, are retained in the supernatant. It 
is advisable to heat to relatively high tempera tures , 
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althou jk obey should nut rice above 100° C to avoid 
denoturatiun of the glycoproteins, '.'/ith lower tempera- 
tures a. lender period oV heating is necessary. Ccndiuions 
which have been fjund suitable in practice and which 
are : moreover, ussal in this type of technique, consist: 
of heating at 95'C for 30 minutes. The floculated 
proteins cbtainei at the end of step "a" are separated 
•jy any lencw-n means, such as centrii uga tion, and then 
tQ l l(}f\ recrv/ered . The supernatant is recovered for use in the 
10 v subsequent steps of the process. 

ln t.ie next step "b", the supernatant is 

IT) J 

Ty^ subjected t3 ultrafiltration by being passed over 

membranes havi.nv, a cut-off in the ranro of about 
1000 to 13,300, expressed by m:lecular weight. 
13 k'emb rases suited to use are of all known types, organic, 

incr^a.iic j and even ceramic or metallic ones insofar 
as they satisfy the requirements for cut-off which 
have b2 en anven hereinabove. 

As an example, it is possible t'j use the 
20 membranes put on the market by the firm RHONE P0UUSNC 

under the name of IRIS, for instance, an IRIS f0^2 
membrane -which has a cut-off of about 15,000 in the 
ultrafiltration modules also manufactured by the said 
firm. It is also possible to use the m-; mbranes sold by 
25 the firm AMICOJI I US. A ) under the name of DIAF10, such 

c.s the mem or arras DIAFLO PM 10 and U I ( :ut-off : 10,000) 
c. nd DIAFLO i:M2 (cut-off : 1C0Q) . If so required, all 
the requisite information on the nature and mode of use 
of the a foresaid membranes can be found in the technical 
30 leaflets put out by the manufacturer. ^- r ,,.--^ 
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The conditions of ultrafiltration can be 








understood by a man skilled in the art. It is 








preferable to circulate the liquid through an 








ultrafiltration module to contact it with the aembranc 
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at a temperature of approximately sr. 'el art temperature 








and under a certain pressure, for example, at p bars. 








The product circulating over the mem'crane can be 








recycled several times until a re tent ate is obtained 








having the desired glycor retains and NANA content. 
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Said re tent: ate can be concentrated to obtain 


1 ::. '"• 






a syrup containing glycor roteirs . For the extraction 








of sialic acid, the retentate is subjected to step 








"c" which consists of an hydrolysis. This can be en 








acid, basic or enzymatic hydrolysis. Acid hydrolysis 
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conditions are, however, preferred. In order to 








increase the speed of hydrolysis, it is advantageous 








to work at a relatively high temperature, cut this 








should be lower than 93°C, about S'0 C C for example. 
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The acidity of the hydrolysis agent used should not 
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generally exceed 0.5H . It is advantageous to use 








sulphuric acid, for example, 0.1 N sulphuric acid. 








This supplies sulpnate ions which are subsequently 








easily separated. Hydrochloric acid is less suitable 








as it supplies chloride ions which are difficult to 
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renowe later on. In accordance with the conventional 
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method for facilitating the appearance of the precipitate 








produced by hydrolysis, the reaction medium obtained 








from hydrolysis is cooled, for example to about 4°C 








which is the temperature of a refrigerator. It is 








thtn easier to separate the precipitate from the 
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supernatant by any known means , notably by ceritri- 
fugati:n. The precipitate produced during hydrolysis 
-is removed and the supernatant is re covered to be 
subjected in a step "a" to a further treatment 
permitting the extraction of sialic acid, and mora 
precisely MAI-M . 

At this stage of the treatment of dairy or 
casein factory whey, the invention makes use of the 
known technique for the production of sialic acid. 
This starts with the neutralisation of the supernatant 
with a view to precipitating in the form of salts the 
free acid ions still present in the supernatant. 
This operation is advantageously effected oy the 
addition of excess bor-yufn hydroxide to precipitate 
the sll: ha be _ons if hydrolysis was effected with 
sulphuric acid. An excess of ^y-wn ..cms is used until 
an approximately neutral pH is obtained. 

b a--W o <V\ 

The precipitated salts formed such as ba ryuro - 
sulphate, are then removed and the sipematant is 
retainei. This is optionally concentrated before be ins 
flowed thrcugh resin columns. A first, flow through is 
effected on cationic resin in order lo de mineralize 
the sup -ma tan t . Resins available on the market under 
the nam? of "DOVfuX", such as type AG % \VA 3 iU- are, 
for exarples, used. After passing across cationic resin, 
the pre duct is flowed through a column of anionic 
resin in order to fix the NANA. The resin sold under 
the name of "DOWEX" type AG 1 X 8 formate is suitable 
for this purpose. The NANA is then obtained from the 

said anionic re .sin after washing the colujj^^S^i^N. 
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distilled v;ater and by eluticn, notably with formic 
acid if an anionic resin in the formate form, such 
as C>i formic acid, ha a previously been used . 

A eolation is finally obtained whish, after 
freeze -drying, results in an extremely pare },7,:,*A 
pow der . 

The steps making; up treatment "d" can undergo 
variations. For example, after neutralization, 
separation of the ba ryu -n sulphate and clarification 



10 of the supernatant, this last can be dried. The 

powdc r obtained is then subjected to solvent extraction, 
that is to say, it is mx-red with a solvent or solvents 
_n which NANA is soluble, such as ethanol. or an 
acetone-water nixture. The h'AIIA extract is then 

15 isolated after elimination of the solvent. 

According to a preferred embodiment of the 
process, it is also possible to induce preliminary' 
precipitation of the free acid ions after hydrolysis, 
i.e. before rcnoval of the deoialiecd proteins. In 

20 order to carry this out the solution, the temperature 

of which after hydrolysis is in the rar^e of 30°G 
to 30°C, and preferably between 70°C and BO^C, for 
example, approximately b'C^Cjis neutralized at pH 

7 - 7.5. 

25 As has already been stated, hydrolysis can be 

effected by acid, basic, or- enzymatic treatment. Acid 
hydrolysis is preferred, suipauric acid being advan- 

/ / 7~i/n > - 

/ f\_ 1/J ■/ taceously used. In this last hypothesis, neutralization 
A7MJ^ L tooun'o/W 



30 barium hy urate . 



is effected with an excess of o^ryu;a hyi^xidc or 

r \ 
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After clarification adat: ted to remove the 
heavy bar yu m sulphate precipitate, the solution is 
arjain subjected to ultrafiltration b y being f lev e I 
across membranes ha zinc a cut-off in the ranyje of 
- about 500 to about 15,000. 

The ultraf iltrate obtained after the secend 
ultra filtration can be treated as in step (d) described 
hereinabove to obtain extremely pure sialic acid, 
that ..s to say, by bcinc flowed over cationic anu 
10 then over anionic rosins. 

According to a particular embodiment of the 
Invention, it is also possible to obtain less pure 
sialic acid by drying the solution cbtained after it 
has passed over the cationic resin. 

The sialic acic thus isolated which is iesc 
costly to produce than the pure acid, can be 
particularly useful fcr certain applications, such, 
as for use in cosmetics, where absolute purity is 
no t required . 

20 The purity of the sialic acid thus obtained 

lies between about 601' and anout QG'/j and can be, 
for example j of approximately 70;J.The man of the art 
v, 1 ill understand that it is possible to vary this 
decree of purity as a function of at least three 

2b" parameters such as : 

- the decree of purification. Df the glycoproteins 
by the first ultrafiltration, 

- the quality of hydrolysis, 

- the quality of the membrane used for the second 
30 ultrafiltration the lower the cut-off the 
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the -aura filtrate . 

The process of the invention is illustrated by 
the appended cables, which show in two practical modes 
cf embidiment the succession of steps cf the process 
ana the circulation of materials. These tables el:- arly 
iliustralo the process. It will be noted that, as the 
raw material which may be used, there is mentioned 
either dairy or casein factory whey D, or whey 3 recons- 
tituted free powacred whey 3' cy the adJition cf 
water, or col: strum A*. The various fr: :tions obtained 
by thu procos: consist of f loculated proteins 
separated after fiocuiation 1, of glyce;. rote ins which 
may he obtained oy concentration of the re tenta to Qj) 
ootaincd from ul tra filtration 00, and, f_;.ally, the IJAHA 
isoiated either according to the diagram of table I 
by nydro lysis (6) of the re to tit ate, coding to about 
h'C (7) neutralisation of the supernatant (9), ani - 
flowing said clarified supernatant over :ationie resins 

and anionic resins (15) and freeze -drying (13). 

bv 

or, according to table II , / hydrolysis of she retentate, 
cooling to about oO°C, ultrafiltration and flowing 
the ultraf il trate over cat-ionic resin to recover ;, r A NA 
having about 'icej purity, or flowing over anionic resin 
according tc toe diagram of table II, 

The invention will new he illustrated, while in 
no way being limited, by the following o. amples : 

The traditional technique was use.: to renevt 
10001 iters af cows milk which yielded 00 ; .iters of 

liquid wiiey for use as raw material for vya^^^eys. 
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'L'iiO Q00 liters of Liquid who-- wore heated at 
9S°C Tor 30 minutes p rcpa ratory to oho floculaticn 
of proteins other than siaiojlycouro teins , the proteins 
thus fioculatcd bcinj coutrifur.eU and recovered. The 
supernatant reuniting from the flo aula t ion representing 
a volume equal to 96," of the initial volume and 
containing 173 era ratios of N'Ai.'A was recoverea. 

Said supernatant was placed in an ultrafiltration 
;.. oduic equipped with a membrane having a cutoff of 
300C ; the pressure in the ultrafiltration mcujie was 
apt roxima teiy 3 bars. A retentate was thus obtained 
containinj ail tire Glycoproteins and 90 urairmes of 
IJAl.n. Z\j concentrating said retentate a syrup of 
Glycoproteins was obtained which could be used as it 
was . 

In ovCor to extract the sialic acid therefrom 
the retentate, preferably after concentration's 
subjected to acid hydrolysis by the addition of 0.1N 
sulphuric acid, hydrolysis conditions Vein- maintained 
at 9u°C for one hour. The hydrolysis reaction nediuia 
was cooled to approximately 4°C, the temperature 01 
a refrigerator in order to facilitate precipitation. 
1j was then easy to separate uhc hydrolysis -precipita ';t i ; 
wilier, was rejected, from the superna lor.: which was 
kept, and which contained GO cram.ues of NANA . Neutra- 
lization was then effected by treating the supernatant 
with a saturated baryum hydroxide solution until a p|{ 
7 was obtained, with ore ciui tation of ^jp^uk sulphate. 
The solution was clarified } the b&ryw.i sulphate tor mod 
bo in;; eliminated. The superna tan t containing cC rrramrr.Oo 

- 12 - 4 /4 y i\ 
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of :JAij;. was retained and concentrated to reduce '..ts 
volume A to 6 Told by means of a vacuum rotary 
evaporator heated to 4;> a C and operating at a pressure 
of 20 to >J mg Hg, The super.aatcct 00 concentre bed 
was fio-ed through a ;clumn packed with I'C : ..'EX 
caticnic resin, type AG 50 V;X o H-r for ^mineralization 
At the outlet of the eat ionic column the product was 
f loved through a column or DO". /EX anionic resin, type 
AG 1 X £' formate to fix the XANA. The c-:lumn containing 
the anicnic resin was then washed with icubie-dis tilled 
water ani the X,-' UA was eluted with 0.3M formic acid. 
70)1 jf the NAXA. fixed was thus recovered; after 
freeze -crying of the formic solution, 4f. f;rar,me3 of 
extremely j urc NANA was obtained. 

ex/: 2 

Working under identic:. 1 conditions to those 
described in example 1, but starting with 1000 liters 
of ewes milk, substantially identical results were 
obtained . 
E XAJ-X 'lE 2 

This operation was carried out under the same 
conditions as in example 1, but starting with a liquid 
whey obtained by the regeneration of powdered whey. For 
this purpose, r O kg of powdered whey was used diluted 
to obtain £00 liters of liquid lactoserwm. 
EXAkTLE i: 

1C-CC liters of liquid whey were fioculatei by 
heat inr ; the clear filtrate obtained by centrifu _ing 
and filtration v. as subjected to ultrafiltration m a 
R? me mbrs no (ERIC ~jQ-l2 1 . The reteniate 0 •: taift^d.f : 0 lite: 

•V- 2* °'"-\ 
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mm 



con tax nod 40 &/1 of rjlvecp ro teins which could be 
extracted by drying and f rcoze-dryinu; . 

The re tents fee was 'hydrolyzed with 0.025) - 
» 2 SC 4 J v ' ?~° c far 25 minutes then neutralized at uO C 
by e a c e a 5 c arpu s oxide to pf! 7-7.3, 

After ^clarification, the solution Treed 
or its brrrjTun sulphate precipitate was subjected 
te ultrafiltration on a raenjbrauc with a cut-off d£ 
5CC0. 

The ultraf ii trate obtained is concentrate and 
flowed over cationic resin, due solution obtained can 
be dried to obtain 50- of staltc acid [;i\U!\) (purity : 
7"0;J) or flowed over anionic resin, e luted and 
freeze -dried thus malcinrj it possible to obtain 333 
of extremely pure IJAMA . 
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WHAT WE CLAIM IS : 

1. A process for producing glycoproteins and/or 
sialic acid from dairy or casein factory whey, with 
ultrafiltration thereof, characterized by the steps of 

(a) thermal floccuiation of whey proteins, other 
than the s i alogly coproteins , providing a first 
precipitate of flocculated proteins and a first 
supernatant, which is separated and recovered; 

(b) ultrafiltration of the first supernatant on 
membranes having a cut-off of between 1,000 and 15, COO 
in molecular weight, providing a retentate containing 
glycoproteins and sialic acid; 

(c) hydrolysis of said retentate; 

(d) subsequent processing of said hydroiysate to 
extract the sialic acid therefrom. 

2. A process for producing glycoproteins and/or 
sialic acid from colostrum, with ultrafiltration 
thereof, characterized by the steps of: 

(a) thermal floccuiation of whey proteins, other 
than the sialog lycoproteins , providing a first 
precipitate of flocculated proteins and a first 
supernatant, which is separated and recovered; 

(o) ultrafiltration of the first supernatant on 
membranes having a cut-off of between 1,000 and 15,000 
in molecular weight, providing a retentate containing 
glycoproteins and sialic acid; 

(c) hydrolysis of said retentate; 

(d) subsequent processing of said hydroiysate tD 
extract the sialic acid therefrom. 

3. A process according to either of claim 1 or 
2, characterized in that, during step (a) floccuiation 



179010 





of proteins other than cue s raiog lycopro terns of 
dairy whey is effected I y thermal treatment at a 
temperature and for a period of time sufficient to 
obtain such a f loecu La ti on . 

4. A process according to claim 3, characterized 
in that f loecu la tion is effected at temperatures lower 
than 100 °C . 

5. A pre cess according to either of claim 3 or 
4, character i zed in -ha t the thermal treatment is 
effected at about 95°C for about 30 minutes. 

6. A prccess according to any cf claims 1 to 5 , 
characterized in that, in step (b) the liquid super- 
natant is circulated in an ultrafiltration module to 
contact :L with the mo mi: rane a t a temp ra tu re approx- 
imately that of ambient temperature ar d under a 
pressure of 3 1 ars , it. l:emg possible for the product 
circulating ever the membrane to be recycled several 
times until a retentate is obtained ha-'iny the desired 
glycoprotein and W-AWA Ice n ten ts . 

7. A process according to anv/of claims 1 to 6, 

U 

characterizes in that toe retentate obtained in step 
(b) ls concer. tra ted and a glycoprotein syrup is 
obta Lned. 

o ^ 

3. A process according to any /o: claims 1 to 6 , 
characterized t-iieri^s i alic acid e*tt«&teed^ f rom 
the retentate obtained in step (b) . 

9. A process according to claim 3, characterized 
in that, during step (c) the ultrafiltration retentate 
of step 1 (b) is hydrolysed, hydro lysis being effected by 
ad J , base or enzyme. 

10. A process according to ei.th.ee of claims 3 or 
' J wVlfyj characterized in that acid hydrolysis is effected, 
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wlLIi acid, [>] cLerubiy sulphuric acid, n L a concentration 
weaker Lha n U . 5N . 

11. A pccccss according to any of claims 8 to 10, 

charac tor i;:od ir. that hydrolysis is ef fee ted at a tem- 

o 

perature no higher than 5 3 C. 

12. A pre cess according to claim 1, characterized 
m that the said hydro lysed retentate obtained in step 

Q 

(ci is cooled to abcut 4 C and provides a second 
precipitate ar.d 3 second supernatant which is separated 
and recovered ard ir. that processing id) of said second 
supernatant comprises essentially the steps of neutral- 
ization, passin-j the last supernatant over cationic resin, 
fixing the sialic acid by passing over anionic resin, 
elation of the arid so fixed and recovery of extremely 
pure sialic aciu by f r ee ze -d r y i ng of the sialic acid solution 



13. A 'jrc jos; according td cleinSjiC or 11, charac t- 
erized in that, during processing (d) , i-hel supernatant 

^neutralized to precipitate the free acid ions in the form 
of salts, preferably by the addition of excess. bar mm hydro- 
xide, to precipitate the sulphate ions if hydrolysis was 
effected with sulphuric acid. 

14. A process according to claim 1, characterized 
in that the saic hydro ly so i retentate obtained in step 
(ci is neutralized at a temperature of between 50°C and 
6Ci°C, and in that the clarified solution is subjected 

to ultrafiltration on membranes having a cut-off of 
between 500 and 15,000 and in that the sialic acid is 
extracted from the u 1 tr a E il tra te obtained. 

1.5. A process according to claim 12, characterized 
in that, during processing (d) the neutralized and 
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second supernatant optionally concentrated, is flowed over a 
cationic resin, then over an anionic resin, after which the 
column of anionic resin is washed and elation is effected to 
recover the N-acetyl neuraminic acid (NANA) or sialic acid 
fixed to the said resin, elation being effected with the 
acid having the same anion as the anion used in the anionic 
res in . 

16. A process according to claim 14, characterized in that 
during processing (d) the neutralized second ul traf il tra te 
optionally concentrated, is flowed over a cationic resin, then 
ever an anionic resin, after which the :olumn of anionic resin is 
washed and elution is effected to recover the N-acetyl neuraminic 
acid (NANA) or sialic acid fixed to the said resin, elution being 
effected with the acid having the same anion as the anion used 

in the anionic resin. 

17. A process according to claim 1 or 2, characterized in 
that, during processing (d) , the supernatant is neutralized and 
clarified and is then dried and the powder obtained is put into 
intimate contact with a solvent or mixture of solvents in which 
NANA is soluble, and the NANA is then isolated after elimination 
of the solvent. 

13. A process according to claim 14, characterized in that 
sialic acid is extracted by passing said ul traf il trate over a 
cationic resin and the solution so obtained is dr_ed to give 
sialic acid. 

19. N-acetyl neuraminic acid ( NANA) 3r sialic acid obtained 
by the process according to any of claims 1 or 11. 14, 16 or 17 
notably freeze-dried and substantially pure. 

20. N-acetyl neuraminic acid (NANA) or sialic acid obtained 
by the process acccrding to any one of claims 12, 13 or 15 notabl 
freeze-dried and extremely pure. 

21. The protein fractions, notably glycoproteins, obtained 
by the process according to any of claims 1 to 7. 
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